Introduction

22
Sediment archives from Arctic lakes are commonly used for paleoenvironmental 23 and paleoclimatic reconstructions (e.g., Lapointe et al. 2012) . Lake basins in the 25 and in some cases preserve varves (e.g., Lapointe et al. 2012) . Because this polar 26 region is highly sensitive to climate change via feedback processes, high-resolution 27 sedimentary records are particularly beneficial for assessing natural climate vari-28 ability and for validating climate models (Kaufman 2009 ). However, an increasing 29 number of studies demonstrate that lacustrine sedimentation is also influenced by 30 mass movements, which can be unrelated to climate variability (e.g., Beck 2009; 31 Waldmann et al. 2011 ). Understanding sedimentary processes within lakes is thus 32 of major interest for interpreting past climate and predicting future climatic change. 33 Studying such processes in Arctic lakes is challenging because they are often 34 inaccessible with an ice cover for up to 10 months per year. Further, lake studies 35 in the High Arctic rely solely on the interpretation of sediment cores while the 36 geological, stratigraphic and geomorphological context in which sediment deposi-37 tion takes place are often left undocumented.
38
In this paper, we report and describe for the first time sub-lacustrine landslides 39 and sedimentary processes that occurred in a Canadian High Arctic Lake (East 40 Lake, Cape Bounty) from the analysis of high-resolution swath bathymetry and 41 sub-bottom profiling. This paper also aims at documenting pre-conditioning factors 42 and the approximate timing of mass movement deposits in order to identify possible 43 triggers for extreme events recorded in previously analyzed sedimentary records 44 from the lake (Cuven et Fig. 31.1a) . 48 It is a small-sized and~30-m deep lake (1 Â 2 km) located 5 m above sea-level (asl; 49 Fig. 31 .1b). The area was entirely covered by the Laurentide Ice Sheet (LIS) during 50 the Late-Wisconsinan (Nixon et al. 2013) . By 14 ka cal BP, the retreat of the LIS 51 margin led to the marine invasion, which reached areas today located at~75 m asl. 52 Following emergence from the sea due to glacio-isostatic rebound, an estuary and 53 then a lake formed by 2195 BC and 243 AD respectively, providing a favorable 54 environment for varve formation (Cuven et al. 2011 ).
55
The watershed of East Lake (and the adjacent West Lake) has been monitored 56 since 2003 for hydrological, limnological and sediment transport and deposition 57 studies, making it the longest comprehensive hydrological-limnological monitoring Cape Bounty is located~150-200 km south-west from the Gustaf-Lougheed 64 Arch Seismic Zone (GLASZ) (Fig. 31.1a ). An earthquake swarm (65 locatable earthquakes in 55 days) with four major (M>5) earthquakes occurred in the region 66 during November-December 1972 (Hasegawa 1977 ). An earthquake of M~5.6 also 
Methods
69
A high-resolution bathymetric map of East Lake was produced from a while sub-bottom profiles were collected only over the northern half of the lake 78 area. The survey capabilities were highly dependent on daily wind directions which 79 pushed the seasonal lake-ice cover from one end of the lake to the other. consist mainly of boulder-size debris (Fig. 31.4a ).
102
The backscatter map reveals a general low-intensity backscatter of the lake floor
103
( Fig. 31.3b ). This low intensity is interpreted to represent the undisturbed and southern parts of the lake, where mass movements cannot be identified from . Therefore, the highly 141 stratified varved sediments, the marine to lacustrine transition and the steepness of 142 the slopes surrounding the lake are pre-conditioning factors favoring the triggering 143 of mass movements in East Lake. 144 
Recent Sediment Failures
145 The number of individual events responsible for the occurrence of MMDs in East 146 Lake is difficult to quantify due to the absence of sediment cores associated with 147 each mass movement. Based on the available sub-bottom profiles, at least two 148 different episodes of sediment failures appear to have occurred during the last 149~2000 years.~1 m of varved sediment covers two MMDs, one of them visible on 150 Fig. 31 .4c. Moreover, core CB06EV1 ( Fig. 31 .2) has a prominent coarse layer at a 151 depth of 1.3 m that was deposited at 1300 AD (Lapointe et al. 2012 ). This coarse 152 layer (turbidite?) is probably the distal result of the lowermost MMD located on the 153 eastern margin (MMD 13) thus suggesting a date of~1300 AD for this first mass 154 movement episode (Lapointe et al. 2012 ).
155
Core CB06EV1 recorded many coarse layers and turbidites, which suggests an 156 influence from river floods in the accumulation of sediments in the lake (Lapointe 157 et al. 2012). The presence of gullies reveals the occurrence of turbidity currents that 158 could have been triggered by flood discharge and associated high suspended 159 sediment loads. Hyperpycnal currents are frequent in freshwaters (e.g., Simonneau 160 et al. 2013) and occur in East Lake since suspended sediment concentrations are 161 especially high during snowmelt (Cockburn and Lamoureux 2008) . Presently, the 162 differentiation between river-generated turbidites (flood event layers) and mass 163 movement induced turbidites has not been accomplished because previous studies 164 in East Lake have not identified the distinct sedimentological signature of both 165 deposits.
166
Thirteen other MMDs appear to have a similar and more recent age since they 167 are located in the upper acoustic stratigraphy sequence (Fig. 31.4c) . One of the 168 largest turbidites analyzed in previous studies in the lake was dated with varves, The synchronicity of multiple MMDs and their widespread distribution in the 176 lake suggest that mass movements were triggered by seismicity. An earthquake 177 swarm occurred in the GLASZ during November-December 1972, the strongest 178 event reaching M~5.7, at a focal depth of 9-14 km ( Fig. 31.1a) (Hasegawa 1977 East Lake and infer their exact triggers through time. 
